The cold vortex which passed over Japan 
Introduction
It is well known empirically among weather forecasters that a heavy snowfall is expected over the Hokuriku District (i.e. the Japan Sea coastal region of central Japan) when a very cold cut-off cold vortex passes over the Japan Sea (FuKuDA, 1960 ; MIYAZAWA, 1962 ; KAWAMOTO et al., 1963) .
Typical cut-off cold vortices were observed also in the period of heavy snowfall in winter of 1963, and the analyses by the authors (MATSUMOTO et al., 1965 ; NINOMIYA, 1964) showed that an intense snowfall occurred in the vicinity of the cold vortex centers when they passed over the Japan Sea.
Although the winter of 1964, the second winter of the Heavy Snow Storm Project observation, was an unusually calm winter with a small amount of snowfall, remarkable disturbances in the upper level passed over Japan on January 20 and February 2 and a considerable amount of snowfall was observed over the Hokuriku District. The one on the former day was a shear-line like a deep V-shaped trough and that on the latter was a somewhat small but typical cut-off cold vortex.
The latter case can be analysed by using especially the abundant data including the aerophotographic observation of cloud and radiosonde observation at 1500 LST at Wajima which were carried out by the project.
In this paper the method and the result of the synoptic analysis on the structure of the cold vortex will be discussed, while the results of aerophotographic observation of cloud and the meso scale analysis are to be reported on in another papers (The Heavy Snow Storm Research Group, 1965; MATSUMOTO and NINOMIYA, 1965a, 1965b The cold vortex which moved eastward from the vicinity of the Korean Peninsula arrived over the Japan Islands on February 2. The vertical cross section along 140°E meridian at 0900 LST February 2 is presented in Fig. 1 . The tropopause and the boundary of the stable layer are indicated by using heavy solid lines in the figure.
A dome-shaped cold air, the center of which is located at 39°N, i.e. near Sendai, appears in the cross section.
The polar tropopause, the upper part of a polar-front which continues to the polar tropopause and the middle-latitude tropopause are recognized clearly, but the polar-front and the cold dome boundary are hardly distinguished in the lower troposphere where both systems come very closely together. A sharp inversion layer is also observed in the lower layer within the cold air. These structures revealed in the cross section are features commonly observed in any cold vortex.
Once the dome-shaped cold air-mass is defined by the lower boundary of the stable layer (MATSUMOTO et al., 1965 ) the configuration of the dome is obtained as is illustrated in Fig. 2 . Although the scale is somewhat small as The top of the dome reaches 450 mb level (i.e. about 6000 m) and this height coincides with the height of the convective cloud tops which develop in the vicinity of the cold dome center.
3. Time section analysis by using the aerological data at Wajima As mentioned in the introduction, rawinsonde observations at 1500 LST were specially carried out at Wajima in addition to the routine observations at 0900 and 2100 LST for the period of the cold vortex's passage.
By using these data, timesections of temperature and wind, and of the potential temperature and mixing ratio are analysed as in Figs. 3 and 4 respectively.
The tropopause and the boundary of the stable layer are indicated by heavy lines in these figures.
The stable layer which bounds the cold air reaches to the maximum height at 0300 LST February 2 when the cold vortex passes over Wajima. The tropopause goes down towards the center of the cold dome in a form of funnel, and a warm core is observed at 250 mb level above the cold core in the troposphere.
Thus a symmetrical temperature distribution, i.e. the typical thermal structure of a cold dome is analysed The southward and northward wind components prevail in front and at the rear of the dome respectively, but change in wind field slightly precedes that in temperature field. This fact means that the cold core is located somewhat behind the upper trough.
It is known by the aerophotographic observations of cloud carried out on February 2 and 3, that the height of the cloud top nearly coincides with the height of the lower boundary of the stable layer (MATSUMOTO and NINOMIYA, 1965a ; ASAI, 1965) . In the vicinity of the cold dome center, the stratification is unstable, since the temperature at 500 mb is very low, and therefore the existence of an active cumulus convection is inferred.
Horizontal time section and vertical circulation around the cold dome
The successive positions of the cut-off low at 500 mb are indicated in Fig. 5 to show the movement of the cold vortex.
It is known that the cold vortex moves eastward almost steadily. As the scale of the vortex is rather small, the lack of observation over the ocean makes the analysis extremely difficult. However, it would be possible to make extrapolation or interpolation by the technique of time-space transformation if a steady movement of the cold vortex is assumed. This method was introduced by FUJITA (1957) in his meso-analysis by using the surface self-recording material.
Let us consider a coordinate moving with the pressure system. Then the observation stations appearing on this coordinate system move parallel in an opposite direction to the movement of the pressure system in a fixed coordinate. Extrapolations are made along the trajectory of a station on the moving coordinate by plotting successive observation data at that station onto the corresponding position.
The actual procedures are shown schematically in Fig. 6 .
Figs. 7 and 8 are the composite maps of 300 and 500 mb at 2100 LST February 1 obtained by the method mentioned above. (Full lines and broken lines are the contours and isotherms respectively.)
The white circles in the figures are the observation stations on which observed values at the reference time are given and the values plotted on other points are obtained by the extrapolation or interpolation. These figures show that estimation over the ocean has considerable accuracy.
It is pointed out that the dold core at 500 mb is located somewhat behind the trough, and the warm core at 300 mb is observed just over the cold core. Also, it is known that the wind is almost geostrophic.
Once the horizontal distribution of temperature and wind are obtained, the vertical circulation around the cold dome is obtained under the assumption of adiabatic Then, by using the value of w thus obtained, the stream lines relative to the moving cold dome are shown on the east-west cross section through the center of the system (Fig. 9) . The arrows show the relative displacement during 12 hours proportional to the scale of the figure. This result indicates that a branch of the vertical circulation along the tropopause funnel is found over the cold dome. given by double arrows.
